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THE APPLICATION OF LABORATORY INSTRUMENTATION TO PROBLEMS 
ARISING II FUEL AND LUBRICATION TECHNOLOGY
INTRODUCTION
This Thesis is an account of the experimental work undertaken in 
connection with problems related to the field of Petroleum Technology,
The accepted classical methods of analysis have invariably been used where 
no apparent advantage was to be derived by the use of Laboratory Instru­
mentation but,tin the investigations a large part of the data has been 
obtained by the use of modern instrumental techniques.
Broadly, justification for the application of Instrumentation was 
based on the three following s
(1) The Problem could not be solved in any other way - an instance of this 
is given in Investigation 5 in which identification of the greases is obtained 
by 1 finger printing1 the type of organic compound in each of the greases
by means of infra-red spectroscopy.
(2) More accurate results could be obtained than by other methods - this
is demonstrated in Investigation 2 where tythe use of Absorption Spectroscopy 
it is possible to determine the Vanadium content by wet ashing and thus 
avoid losses by volatilisating in the adiing and KMnO^ volumetric procedure.
(3) The method was more convenient - Investigation 6 gives an example of 
this in the detection of metallic elements in the Additive Lubricating Oil, 
the qualitative results being obtained by Emission Spectroscopy in a 
fraction of the time which would have been required by ashing and wet analysis.
-9-
Xn each of these investigations, in order to make the report 
coherent, only data relevant to the investigation has heen recorded hut 
most of this data was derived from the results of a far greater amount 
of non-recorded preliminary work - a typical example of this was the 
work devoted to the choice of an internal standard for the determination 
of Vanadium (investigation 2), quantitative determinations ranging from 
1-10$ for SiO^ , TiOg, ^^2 an(^  ®a^ 3°
For ease of development, each investigation has been presented 
in a similar manner the pattern followed being s-
(1) Introduction.
(2) Scope of the Investigation.
(3) Experimental Details.
(4) Summary and Conclusion.
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INVESTIGATION 1
The Examination of Residue from Furnace Fuel Oil Strainers
Introduction >
(1) Two samples of residue were removed from the strainer 
cartridges of an Auto Klean self-cleaning strainer. The strainer 
formed part of a prototype Gas Turbine designed for the use of residual 
fuel oils of a comparatively high viscosity. In the cycle of fuel 
injecting operations the design included the preheating of the fuel
(by means of a by-pass in the vicinity of the nozzle) to enable heating 
of the fuel to reach a condition suitable for atomisation. Sample No.l 
was derived from fuel which had been in the system for sufficient running 
time to allow the contents of the fuel feeder tank to be circulated 
twice, whilst sample Ho.2 fuel had been submitted to one complete cir­
culation. Both samples were contaminated with paraffin which had been 
used in washing the filter element.
(2) Scope of the Investigation
The specific objects were s
(i) To obtain data for the compilation of Histograms of particle 
size in the system in order to determine the maximum size mesh which 
could be used with a given nozzle orifice.
(ii) To determine whether there were any significant deviations from 
the usual run of residual furnace fuel oils.
The reason leading to the adoption of the line intercept method 
resulted from the previous study of this method in the casting of
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Aluminium Bronze. It was found that the control of the a and p 
phases could be ascertained by the calculation of Cu and A1 through the 
line intercept method applied to a button sample taken from the furnace 
melt. Addition of either Cu or A1 quantities calculated from this 
scanning method gave final control of the phases within
(3) Experimental Details
The results of the analyses of the residues are given below in Table I.
TABLE I
Ref.
.
Details of Tests?etc. Sample Ho. 1 Sample Ho.2
1 Weight 698 grams. 250 grams.
2 Water Present 32 fo 3l/o
3 Toluene Insolubles9 
i.e.Solid Matter
7$ Inorganic matter 
1$ Organic matter
6$ Inorganic matter 
1$ Organic matter
4 Wormal Pent&ne 
Insolubles
1$ l;$
5 Aromatic Content 0.5$ 1!$
6 Distillation of 
Pentane Solubles
38$ Recovery at 290°C 
(Cracking Point)
Rote 1.Distillation
46$ Recovery at 310°C 
(Cracking Point)
Rote 1. Distillation
commenced at 210°C. 
Dote 2.10$ of the
commenced at 220°C.
Rote 2.10$ of the pentane
pentane solubles dis­
tilled below 240°C.
solubles distilled below 
240°C.
7 Residue from distilla­
tion product in 6*
20% uf>
8 Ash Analysis.
(Heated to 750°C on 
residue from Toluene 
insolubles)
.
— ......... ...........
Fe^ O, a 96$
Sl° 2 =
WaCl = 1$
Remainder Cu.Z ? n
and traces of Ca.
- --.- -..... ..
Fe203 . 97$
SjOg = \$
NaCl = if
Remainder traces of Cu.Z .Ca7 n?
and Mg.
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(ii) Histograms of Particle Sizes
In view of the diverse orientation of the particles, the line 
intercept procedure was adopted for the histogram data. Further, since 
chemical analysis showed most of the inorganic particles were oxides 
of iron, or iron covered with oxides of iron, the density of the particles 
was regarded as uniform and therefore the sum of the cube of the sizes of 
each set of particles was regarded as directly proportional to the mass 
of material.
Figures I and II illustrate the magnification at which the histogram 
count was made.
Figures III to VI inclusive ere alternative, forms of histogram for 
each of the samples.
Tables II and III are tables derived from particle counts,
(4) Summary and Conclusion
The following deductions and comments on the analysis reported in 
Table 1 are s-
(i) Reference 3, The residue is composed chiefly of particles of iron 
and iron oxide, about 25$ being attracted by a magnet, together with frag­
ments of wood and fibre, the latter including both unidentifiable Mfluff" 
and fibrous packing material. The percentages of total residue may be 
taken as reasonably accurate, 8$ and 7$ respectively, but the breakdown 
into Organic and Inorganic cannot be regarded as precise. It is based on 
loss of weight after ignition at 750°C. A typical section of the residue 
magnified X 3-5 is shown in Fig, VII, The absence of carbonaceous par­
ticles indicates that neither ’hot spot’ carbonisation nor overheating of 
the fuel has occurred whilst passing throughihe fuel heater unit.
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(ii) Reference 4. There is no indication from the amount of Pentane 
insolubles that the furnace fuel oil contains an unduly high proportion 
of asphaltic matter.
(iii) Reference 5. The aromatic content figure does not necessarily indicate |
an unusually low aromatic furnace fuel oil content9 as extraneous paraffin j
!
dilution would lower the percentage of aromatics present. |
(iv) References 6 and 7. The results obtained from the distillation tests are ;
of the same order as those which have been obtained from other samples of
fuel oil and have no particular significance except as confirming the 
(known) paraffin contamination.
#•
(v) Reference 8. Although the ash content in both samples consists almost 
entirely of oxides of iron and iron9 the presence of sodium chloride could 
under certain conditions have an accelerating corrosive effect on com­
ponents of the system.
TABLE 2
Line Intercept Number of Actual size (Size)3 (Size)3 -
Magnified X 18 Particles ...... X 109 X Number X 106
CMS CMS' CMS3
0,2 468 0.011 1331 623
0.3 265 0.017 4913 1302
0,4 142 0.022 IO648 1512
0.5 192 0.028 21952 4214
0.6 \ 89 0.033 25937 3199
0.7 121 0.039 59319 7178
0,3 32 O.O44 85184 2726
0.9 20 0.050 125000 2500
1.0 29 0.056 175616 5092
I o' 11 0.061 (226981 2497
J.P i 29 0.066 287496 8337
!
The figures quoted in last column are proportional to the mass of sludge 
present in particles of the respective sizes.
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TABLB 3
Line Intercept 
Magnified X 18
..........................................“ I
Number of 
Particles
Actual Size (Size) 3 
X 109
(Size) 3 6 
X Number X 10
MS CMS CMS3
0.2 549 0.011 1331 731
0. 3 202 0,017 4913 993
0.4 140 0.022 IO648 1491
0.5 178 0.028 21952 3906
0.6 165 0.033 35937 5875
0.7 149 0.039 59319 8838
0.8 42 0.044 85184 3579
0,9 41 0.050 125000 5125
1,0 106 O.O56 175616 18615
1.1 2 0.061 226981 4539
1.2 38 0.066 287496 IO925
1.3 21 0.072 373248 7835
1.4 23 0.078 475000 IO925
1.5 5 0.083 572000 2860
1.6 9 O.O89 705000 6344
1*7 10 O.O95 857OOO 8570
Average value 
for 1.0 to 1.7 27 0.075 459043 8827
i
The figures quoted in the last column are proportional to the mass of 
sludge present in particles of the respective sizes. The results 
1=0 to 1,7 sizes were averaged.
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?
Illustrating the * Line Intercept Method1 
Sample 1.
X 18.
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Illustrating the !Line Intercept Method1 
Fig. 2 Sample 2 
X 18
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INVESTIGATION 2
The Estimation of Vanadium and Ash in Residual Fuel Oils
The corrosive characteristics of Vanadium hearing fuel oils have 
led to the accumulation of large stores of residual fuel oils containing 
vanadium. In order to find outlets for this type of fuel, comprehensive 
investigations have been carried out on the mechanism by which deteriora­
tion results from the combustion products on various heat resisting 
metals. It is now generally agreed that the reaction consists in the 
destruction, by the vanadium compounds formed of the corrosion-resisting 
oxide layer (15) which normally forms on the surface of the heat-resisting 
metals. Experimental work was carried out on the development of alloys 
resistant to this surface attack and because of the possible use of 
residual fuel oils in gas turbines particular attention was given to the 
action of alloys under conditions prevailing in the blade zone of the 
turbine. As part of the research programme, the normal analysis of 
the fuel was carried out and this involved the determination of the 
ash, vanadium, sodium and nickel content. The nickel assay offered 
no difficulty but attempts to determine the ash, vanadium and sodium 
produced discordant results.
Experimental Details
(1) Ashing
Considering oils with a vanadium content of between 0.010 - 
OoQ45$, it was found the volatility range of the ash commenced in the 
region of 600 - 650°C and hence the standard method of ashing (2) by 
strongly heating the residue after burning led to significantly low ash
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figures. By progressively lowering the temperature necessary to burn 
off all the residual carbon, after ignition of the oil, it was found 
that 550°C was the lowest possible temperature at which the carbon was 
burnt off, and even at this temperature isolated cases arose in which 
4 - 8  hours were necessary to eliminate all traces of carbon from the 
residue. Where prolonged heating was necessary there was no significant , 
loss of vanadium. In order to speed up the process of ashing, the 
carbonaceous residue left after initial ignition was placed into a muffle 
furnace under a controlled oxygen atmosphere. From the results of a 
series of tests the optimum operating conditions were found to be a 
temperature of 430°C. and an oxygen pressure of i lb. per square inch.
The gossamerlike formation of the ash produced by this method necessi­
tated the introduction of silica baffles into the furnace to prevent 
the wafting away of the ash with subsequent low ash figures.
(2) Estimation of Vanadium
In this assay the following methods were applied s- 
(a) Volumetric (3)
(i) SOg reduction followed by KHnQ^ oxidation.
(ii) Jones Reductor followed by KMnO. oxidation.
(iiijHLS reduction followed by KMnO. oxidation.
U
(iv) Ferricyanide - ce^imetric method (4).
(*) Gravimetric (5)
(i) Mercurous nitrate precipitation.
(ii) Lead acetate precipitation.
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(c) Colorimetric (6)
(i) The Phosphotungstate Method.
(ii) Tho Peroxide Method.
(d) Emission Spectrographic
(i) Ash. D.C. excitation.
(ii) Oil. Rotating Electrode.
(iii)Ash*
(e) Chromatographic
Absorption using alumina and silica columns with various developers 
were tried without success but successful semi-quantitative results 
were obtained by developing a spot paper chromatography technique
(7) (8) using a reference sample of fuel oil of known vanadium 
content.
(£) Wet Oxidation
(i) Nitric Sulphuric Acid Mixture.
Various HNO^ and H^SO^ mixtures were used as the oxidising 
vehicle but in the latter stages of attack when practically 
all the hydrocarbons had been destroyed by continuous boiling* 
crystals of a monoclinic structure (9) occasionally appeared 
which invariably coincided with high colorimetric vanadium 
results being obtained. Isolation and analysis of these 
crystals revealed them to be complex nitro-compounds and 
although approximating to the composition accorded to nitro- 
sulphuric acid crystals, they were not characteristic of these
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insofar that they could not he easily broken down with the 
evolution of oxides of nitrogen* On occasion the solutions 
developed a brown colour, and these solutions gave dis­
cordant results both with volumetric and colorimetric 
methods (10).
(ii) Perchloric Acid 70-72$
The use of this acid showed distinct promise but production
I
of large quantities of dense fumes accompanied by ex­
plosive hazards led to the method being discontinued.
(iii) Concentrated - HCIO^ 70-72$
This developed method gave closer limits of accuracy 
than any of the other methods. Details of the method 
x and apparatus used are given in the appendix.
Experimental Methods
The methods of the references quoted were closely followed 
usingplatinum ware, i.e. dishes and crucibles, whenever possible, 
and analar reagents. Where this latter standard did not exist 
(e.g. V205 used in blank estimations), assay of the reagents were 
undertaken. Typical results obtained are shown in the accompanying 
table.
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Ref.
No.
Method'of-De­
composition of
Material
% Ash Average Method of
Vanadium
Estimated
%
Vanadium
Average
1 Ash Electric 
Muffle at 550°C
0.060
0.058
0.059
0.059 Jones re­
duct or 
+KM11Q4
0.026
0.026
0.026
0.026
2 do. 0.061
0.059
0.058
0.059 So2re-
duction
0.026
0.026
0.025
0.026
■
3 do. 0.060
0.061
0.057
O.O59 Hg Cathode/ 
S02
0.027
0.027
0,026
0.027
4. do. 0.062
0.056
O.O58
0.059 Phospho-
tungstate
0.025
0.027
0.026
0.026
■
5 v Ash Electric 
Muffle at 700°C
O.O56
0.055
0.060
0.056 Jones re­
duct or
0.025
0.025
0.026
0.025
•
'
6 do. 0.061
0.055
O.O58
0.058 Hg Cathode/
so2
0.026 
0.025 . 
0.025
0.025
7 Ash in Oxygen 
Atmosphere at 
430° C
0.053
0.054
0.052
0.053 Jones 0.023
0.023
0.022
0.023
8 As (7) 0.056
O.O54
0.060
0.057 Phospho-
tungstate
0
0
0
b
o
o
ro 
ro 
ro
_pl>,
 
.£*. 0.024
[
9 Sulphuric and 
Nitric Acid 
Mixture
Not appli­
cable
Jones reductor 
SO2 Hg Cathode/ 
SO2 Phospho- 
tungstate hydro 
gen peroxide
Organic and 
nitro compounds 
interfered with 
determinations. /
10 HC104 Not appli 
cable
- Phospho-
tungstate
0.026
11 HpSO. and 
HC10
4
Not appli 
cable
Phospho- 
tungstate
0.027
0.027
0.027
0.027
12
.
Spectrograph!c 
D.C.arc rotat­
ing electrode
0,021.01
13 I Chromatographic 
jSpot Test
0.02
i
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SUMMARY M D  CONCLUSION
I. Ashing
(1) The introduction of an oxygen atmosphere? although resulting in 
a considerable saving in time and also an excellent medium for the 
elimination of carbon in the refractory coke mass following ignition 
tended to give a greater scatter of results in the ash determination.
This decrease in precision is regarded as due to a higher localised 
temperature? in the zone of combustion? which could not be controlled by 
the operating cut out of the muffle furnace.
(2) The wide spread in the percentage ash at 700°C could be attributed
to several factors? including 2-
(a) Loss of vanadium pent oxide by direct vol^ ailization.
(b) Reaction between vanadium and sodium compounds in the ash to 
give varying resulting eutectic mixtures with a range of low 
melting points (4)*
(3) Ashing at 55Q°C would appear to be the optimum temperature in 
spite of the slow elimination of traces of carbon which persisted in some 
cases for more than 4 hours.
Vanadium Determination
(4) The sulphonation-nitration initial attack method is considered
unsatisfactory. An exhaustive series of tests? rendered necessary 
because of occasional high results? revealed abnormal titration figures 
when interfering nitro compounds were present. Expulsion of all traces 
of these compounds from the titrating solution proved exceedingly trouble­
some,
V5). The colorimetric determination of the vanadium by the
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Phosphotungstate method (6) was found to he superior to the Peroxide 
method (7) in that s
(a) It was more sensitive.
(b) The quantity of reagent used was less critical.
(c) Less liable to colour intensity change,
(6) Of the several satisfactory methods used in the estimation of 
vanadium it is considered that s
(i) The sulphuric-perchloric acid method is the most suitable 
for its determination in a liquid fuel and this method is 
described below.
(ii) The Jones Reductor method compares favourably with all the 
remaining methods being less complicated? quicker for single 
determinations and produces results of the same order of 
reproducibility.
(7) The removal of possible interfering metals? e.g. Ni? such as 
by the use of the mercury cathode (12) electrolytic process made no 
difference to the results? and in the case of the presence of iron this 
additional process could still be avoided by double reduction (13) and 
double titration in the case of volumetric methods and by increasing the 
amount of phosphoric acid in the phosphotungstate method.
(8) Microscopic examination (X1500) of vanadium containing fuels 
taken from the interior and wall surfaces of small glass containers
-29-
failed to reveal any heterogenity of particles containing 
possible enrichment of vanadium? e.g. as vanadium porphyrins (14)*
(9) Exhaustive work has shown that a wot oxidation method 
using and HCIO^ with colorimetric finish offers the most
practical approach to a standardised method for the estimation 
of vanadium in a fuel oil. The error is less than that of all 
other methods used in the investigation being of the order 2$.
-30-
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APPMDIX
Determination of the Vanadium content of a fuel
The method is applicable to oils containing a minimum of 0,005$ 
vanadium. The organic material is removed by the addition of concen­
trated sulphuric acid and 70$ perchloric acid. The vanadium is 
oxidised to the pentavalent state with bromine water* and estimated 
by the phosphotungstate method.
Procedure
Weigh out 1-4 gms. of the sample to give a final solution con­
taining approximately 0.005 - 0.01 mg. of vanadium per ml. Add 10 mis, 
of concentrated sulphuric acid and after well swirling* digest under a 
hood using a directed fish-tail air jet to keep the neck of the flask 
cool, Heat with a medium flame until the swollen mass reaches its 
maximum volume (2-3 mins.). Add a further 10 mis, of sulphuric acid 
and heat strongly until the carbonaceous mass clinging to the sides of 
the apparatus resolves into a thickish black liquid (10 - 15 mins.). 
Remove the heat and allow to cool for a few minutes and introduce 1 ml. 
of 70$ perchloric acid. Heat strongly until the liquid becomes yellow 
to orange in colour. It may be necessary to add further 1 ml. portions 
of the perchloric to achieve this (l ml, every 3 minutes). Cool 
the flask and transfer the contents to a 100 mis, beaker using 
approximately 50 mis, of water. Fume down to 3 - 5 mis. and after
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cooling dilute to approximately 4-0 nils. All dilutions should 
be carried out with care. Add a few drops of bromine water 
to the resulting solution and boil until colourless. Cool 
and add 5 dl.s of 1 s 2 phosphoric acid and 2.5 ml.s of approxi­
mately 0.5M sodium tungstate. Make up to 50 mis. Complete the
estimation by measuring the absorption of the solution at 
6400 mj/jf 9 and obtain the percentage of vanadium from a prepared 
standard curve.
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ITJVESTI gati ON 3
The Examination of diverse Lubricating Greases to obtain
a Valuation of their Characteristics for Specific Applications
Introduction
A study of the history of Lubricating Greases reveals a gradual 
transformation in this formulation and the emergence of their manufacture 
from that of an Art to that of a Science. This evolution is very 
apparent when particular references are made to past and present com­
prehensive treatises on lubricating greases (l)(2). It is when con­
fronted with a particular problem which necessitates a careful search 
through relevant literature that one realises the numerous disputable 
inferences appertaining to both the theoretical and treatment of Grease 
Lubrication Technology. This lack of a firm basis of exact knowledge, 
which is an essential condition for the standardisation of tests and 
procedures to be applied in accepted specifications, has led to the intro­
duction of many greases on the market with claimed properties which will 
not stand the vigour of pure scientific examination, and the present 
investigation was inspired by preliminary enquiry into the properties of 
one of the so termed extreme pressure greases. That the use of loosely 
specified greases has crept into service is perhaps largely due to the 
ever accelerating demands of engineering advances for lubricating greases 
which will withstand greater loads, greater speeds and wider temperature 
variations. The inevitable lag which thus arises between applied and
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pur© science in Grease Technology is moreover aggravated by the delay 
on the part of some manufacturers to publish the results of their 
researches.
In the planning of this investigation careful attention has been 
given to the chemical and physical relationships of Lubricating Greases.
Whilst in the main the physical tests used were accepted standardised 
methods (3), the chemical tests were devised in the endeavour of obtaining 
data to correlate the physical tests with the composition^constitution 
and formulation of the Greases, For continuity and ease of reference in 
following the experimental procedures a brief resume is given of the modern 
concepts of Lubricating Grease Technology which influenced the manner in 
which the investigation was arranged.
With the exception of a small amount of synthetic lubricating fluids, 
lubricating greases (i.e. solids or semi-fluids comprising a thickening 
agent and a liquid lubricator) are still formulated from Al, Ca, Ba, Na,
Pb, Zn and Sr soaps of the fatty acids together with petroleum oils. The
greatest influence in the present development of these greases is in the use j!
j:
of additives in their manufacture by means of which the required properties 
of the grease is obtained. The functions of these additives, which is the 
improvement of the properties of the grease, are manifold and serve as 
structure modifiers, oxidation inhibitors, water repellants, film strength | 
agents, viscosity index improvers, pour depressants and wear preventatives.
Two other important trends in Lubricating Grease manufacture are the con­
trolled formulation of mixed base and complex soaps in the processing 
whereby the properties of the grease are enhanced. By the use of mixed
-36-
■ba.se grease evidence has been obtained that the employment of a mixed 
soap constituent can act as a structure modifier on the major soap com­
ponent resulting in a system giving improved structure stability, consistency 
and extreme pressure qualities. The claims made in using complex soaps 
(i.e. hydrated soaps, basic soaps and soaps associated or combined with 
other polar components) are that their characteristics can be developed such 
that the formulation of multi-purpose greases are a possibility.
Scope of the Investigation
(1) To devise a scheme of analysis to include the not wholly con­
ventional types of grease (e.g. the inclusion of lubricating greases with 
hydroxy fatty acid soaps) which are not amendable to the A.S.T.M. standard 
method of grease analysis (4)*
(2) To investigate the claims made by manufacturers that certain 
Lubricating Greases possessed extreme pressure qualities.
Experimental Details
(1) The determination of the solubilities of Na, Zn, Pb, Ca and 
soaps of stearic , palmitic, oleic and naphthenic acids in various solvents 
which included 100-120°C,120-160°C.petroleum ether, acetone, ethylalcohol, 
benzene and toluene.
(2) To apply the same series of tests to two sets of 6 greases divided|| 
into two classes. The classes being designated as s
Class I - Lubricating greases with no special attributes claimed 
for them.
Class II - Lubricating greases claimed to possess extreme 
pressure qualities. >><i
TABLE I - SOLUBILITY OP SOAPS IN VARIOUS SOLVENTS Hill:j! i. ijitn.  I   — .— I.       -II..      .... I     — '.I ;] t I | j;
Number of Percentage Recoveries after Soxhlet Extractns.
SOLVENT Hours of 
SoXhl et Potassium Sodium Potassium Zinc
Extractn. Stearate Stearat*j Palminate Palminate
Acetone Extractn. 0-12 1.7 0.9 3.3 1.0
Acetone Extracts 12-24 1.7 0.5 Nil 1.3
Acetone Extractn. 24-72 1.7 Nil 6.8 3.7
Alcohol Extractn. 12 94.4 93.9 89.3 3.4
Alcohol Extractn.
CM Nil 2.0 Nil 3.1
Alcohol Extractn. 72 Nil • 5 Nil 3.2
Toluene Extractn. 12 Nil 2.0 Nil 74.6
Toluene Extractn. 24 Nil Nil Nil Nil
Toluene Extractn. 72 Nil Nil Nil Nil
Residue
-
.3 0.1
(White
stringy
residue)
Nil 0.3
<
Percentage Recovery 99.8 99-8 99.4 90.0
Percentage Ash 
at 750°C 21.2
■>........ ...................................... I....
13-3 14.1
'
■
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TABLE I - SOLUBILITY OF SOAPS IU VARIOUS SOLVENTS (Contd.)
j Number of 
Hours of 
Soxhlet
Percentage Recoveries after Soxhlet-Extractns.
SOLVENT Zinc Zinc I Calcium Lithium Stearic
Extractn. Ole ate Naphnate Stearate Stearate Acid
Acetone Extractn 0-12 85.0 100.0 3.2 1.6 Nil
Acetone Extractn.. 12-24 Nil Nil Nil 24,8 Nil
Acetone Extractn. 24-72 5.4 Nil Nil 4.6 Nil
Alcohol Extractn. 12 7.8 Nil 4.1 70.0 100
Alcohol Extractn. 24 0.8 Nil 0.9 Nil Nil
Alcohol Extractn. 72 Nil Nil Nil Nil Nil
Toluene Extractn. 12 0.3 Nil 12,3 Nil Nil '
Toluene Extractn. 24 Nil Nil 50.6 Nil Nil
Toluene Extractn. 72 0.2 Nil 34.3 Nil Nil
Residue 0.1 Nil Nil Nil Nil
Percentage Recovery 99*3 100.0 94.»4 101.0 100,0
Percentage Ash 
at 750°C-
>-. . -j
15.4 12.7 10.3 5*6 Nil
i
i
L ...... ...
TABLE II - Class I Lubricating Greases with no 
claimed special attributes i
Ref.
'Ho.
Procedures Method
Used
Grease 
No. 1
Grease 
No. 2
... 1
Grease 
No.3
r: .
Grease 
No. 4
Grease
! I 
! i1
Grease 1 j 
.  M0.6 i  ;
1 Physical Pro­
perties
Colour Colour 
Brown Brown 
Texture Texture 
Smooth Soft
Colour
Buff
Texture
Silky
Colour
Buff
Texture
Silky
Colour
Lt.Brn.
Texture
Rubbery
Colour { 
Pawn , i 
Texture " | 
Rubbery j
2 Acetone
Extraction
Soxhlet Extractn. 
24 hours
71.5 83.8 80.8 78.2 83.0 81.4
3 Alcohol
Extraction
Soxhlet Extractn.
24 hours i
25° 4 15-9 17.5 20.8 16.7 18.7 |
'4 Toluene
Extraction
Soxhlet Extractn. 
24 hours
2.8 0.9
--.- -.-i
0.4 0 .6 Nil Nil ;
5 Residue from 
(4) ..
- 0.6 0.2
1
0.1 0.3 O.I Nil
6 Viscosity of Oil 
Kinematic at 120?
Micro
,
FDetermination
70 31 30 40 20 34
1 Viscosity Index i. p.73/42 58.5 123 146 -28.3 174 117
8 Consistency Wkd. i.p 50/56 218 280 245 278 201 194 i
? Penetrain. XL<V r;?'"3o/56 m 335 1’JTO 1 578 £ cHLX “M.r ;
10 Drop Point i.p 31/55 129 12$ 155 152 139 150
11Slree Acid'iiy i.P 37/55'------- tfii 6.05 10.15 0.15 6.4ft r
12Free Alkalinity i.p 37/55 0.62 0.14 o . i c i 0.10 ,0.04 0.03 1
13Water Content i.p 74/55 0.5 0.2 0.2 0.3 0.45 0.45 i
iH Sulphated Asb 1. !P 5/42 7.5 3.8 4.2 4.6 4.2 3.0 - i
l!)Chlorine as (Cl) l.P II6/48 ■0.37 ,Nil Trace itai rO.OI ' i
Phosphorus i.p 145/55 0.605 0.019 ft.01 Trace Nil Nil ~
1?Wet Quantative 
Analysis
Vogel (7) NaAs 
N^Q 
* 2.7
NaAs
‘NapO=
luE
Na As 
NaoO at 
1.7
j Na As 
, NapO a 
2.1
ta as 
NapO =
1.65
Na As 
NapO «
177
• 18Speotrographic
Analysis
Hilger Medium 
Quartz
Major Major Na
S&*Ca .Minor Li 
Minor Ii
Major N
Minor 
Pb. Ca
a Major 
Nsa 
||ncr
Major
,11a
Mi^or
Major
,rNa
Minor
Fb
19Corrosion 46 hours room temp. 
Copper Strip
Neg. 1 £©g*
I
Sjlck
or Gray B?aek of Grey
Neg. Not 
Black 
or Grey
20Saponifica­
tion of Oil
1.P. 126/5$ Nil' Nil o . i 2«4 4*9 4.6 ■
21Acid Valuo of 
Oil I.P 37/55 0.14 j0.30i JO.10 2.40 4-90 ^ 4.60
22Fibre Structure 
Average Length
Electron Micro­
scope X 14 X 10^
30 v
s
j i o  Y |20y^
!
J
I . . . .
59p
,
i
5fJ i 40/J
1s------
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TABLE IIX - Class II Lubricating Greases claimed to possess 
extreme pressure qualities
jftef. Procedures
Wo. ... . .
Method
Used
Grease 
Ho. 7
Grease 
Ho. 8
Grease 
Ho. 9
Grease 
Ho. 10
Grease 
Ho.11
Grease 
Ho. 12
1 Physical Proper­
ties
Colour
Dk.Brn.
Texture
Soft
Colour
Dk.Brn.
Texture
Soft
Colour 
Dk.Brn, 
Textur< 
; Soft
Colour 
Dk.Brn, 
> Textur< 
Soft
Colour
Black
Textur
Soft
Colour 
Black 
3 Texture 
Soft
2 Acetone
Extractn.
Soxhlet Extractn. 
24 hours
87.6 83.2 | 82.1
i- ______
82.0 90.6 88.2
b Alcohol
Extractn.
Soxhlet Extractn. 
24 hours
9.62 1 .8 j 6.5
..... i ......
4.5 7.6 4.0
Toluene
Extractn.
Soxhlet Extractn. 
24 hours
l.$7 15.3 j 11.2 13.0 0.3 7.8
5 Residue from (4) O.5O 0.1 j 0.2 Hil 0.£> 0.2
f Viscoeity of Oil Kinematic at 120°CMicroDetermination 68 40 41 52 52 37
|ir Viscosity Inex i.p.73/42 59 132 110 96 158 120
Consistency Wkd* i.p.50/56 290 j 308 289 296 310 272
Penetratn. X 10^ i.p.50/56 294 j 320 284 296 311 345
■jio Prop Point i.p.31/55 172 j 77 88 92 I64 94
11 Free Acidity i.p.37/55 0.28 | Hil 0 .4 1.4 O.Sl 1.2
12 Eree Alkalinity i.p.37/55 Hil j 0.60 0.31 0.36 0.01 0.16
113Water Content i.p.74/55 0.3 | 0.5 0.6 0.4 0.09 O.65
:[14Sulphated Ash i.p.5/42 2.85 | 6.5 5.8 4.2 2.9 3.2
45jt Chlorine as (Cl) i.p.118/48 Hil Hil Hil Hil Hil Hil
|16Phosphorus i.p.148/55 Hil Hil Hil Hil Hil j Hil
!!1 ? Wet Quantita­
tive Analysis ,
Vogel Li as 
Li 2  ^**
0.47 77 PhSo4“*77
Pb as 
PbOg «
Cao&,8
pb as 
fPbOo » 
3.2 
CaOsl.l
Pb as 
PbOo «
cl62i.8
Li as I 
Li28 I
- -7 C
>b as
5b02 = 1*1 
;ao - 1.0
18
19
Spectrographic
Analysis
Hilger Medium 
Quartz
Major 
Lx. 
Minor 
Pb. Ca
Major
Ca.Pb
Major
Ca.
Minor
Pb.
Major
Ca.
Minor
Pb.Ee
Major 
Li. 
Minor 
Ca.Pb.
Major
Ca.Pb.
Minor
Ha.
Corrosion 43 hours room temp 
Copper Strip
, Heg, Heg. Heg. Heg. Heg, Heg.
20 Saponification 
of Oil
i.p.136/55 O.46 Hil 4.2 1.3 1-9 19.8
21Acid Value of 
Oil i.p. 37/55
0.40
Il
0.12 0.6 j Hil
i
0.2 3.2
22Fibre Structure 
Average Length
Electron Micro- j 
scope 14 x 10*^ j 50/-* 10 y lOyu^  j 15/U 35/-;
Summary and Conclusion ;>
^ S
The following deductions and comments on the results reported I
I:
in Table II and Table IUare § !'
i
References 6 and 7. The very large variation in the viscosity and viscositjr j"-------------- u if
!(
index values indicate that there is no accepted optimum grade of lubricating
■ i
011 used in the formulation of the grease. The criterion of an oil of |
high viscosity index is not in itself indicative of a high quality grease
and from the results obtained on greases number 5 and- 6? which both failed 
in the penetration lest (X10^)? it could indicate that the assumption that 
high viscosity index oils cause greater difficulty in producing a 
satisfactory soap structure (2).
Reference Table II, The high result obtained on grease Ro.l and the 
failures of grease nos. 5 and 6 indicate the superiority of greases in­
cluded in Table III*
Reference 109 Table III. The low drop points of greases Ros. 89 9? 10 and
12 point to their unserviceability for use at elevated temperatures. It 
is noteworthy that greases 7 and 11 with relatively high drop points have 
Lithium soaps included in their composition.
Reference 1 9 Table II. The presence of a corrosive tendency in greases 3?
4 and 6 point to a less strictly controlled formulated grease.
Reference 22«, Table II and Table III. The difference in film structure 
between greases classified in Tables II and III are pronounced and this may 
be related to the difference in shear stability (5)*
In conclusion it is considered from the results obtained that the 
greases designated as Class I are in general of superior.quality to those 
of Class II.
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Fig. 1. Grease No.11 
illustrating the structure 
of a Li "base grease
Fig. 2. Grease No.13 
Illustrating the structure 
of a Na base grease.
Electron Microphotograph 
X 13,000
i« 
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1 
s 1
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. 
4
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5
AS.T.M. STANDARD VtSCOSTTf-TEHPERATURE CHARTS 
FOR LIQUID PETROLEUM PRODUCTS (D 341-43)
Fig. 3. Diagram illustrating the determination 
of the Viscosity Index of an Oil
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INVESTIGATION 4
The Development of a Spot Testing Technique for the 
Assessment of Deterioration in a Used Additive Lubricating Oil
Introduction
In planning this investigation due consideration was given to 
the specification requirements of unused additive lubrication oils and 
their subsequent deviations from specification requirements after usage.
From a preliminary examination of such oils it was observed that progressive 
deterioration of the oil (when employed in the operation of an Internal 
Combustion Engine) was a function of increasing solid carbon content and 
acidity of the oil and, although the amounts varied according to type of 
engine and fuel, their relative rate of growth was continuous. That the 
quantitative.increase of these constituents is continuous may be attributed 
to environmental conditions? in the case of carbon it is due to the lubri­
cation oil. coming into contact with the cylinder walls v/hereby a temperature 
is reached such that the oil attains its cracking point and subsequent 
degradation of the oil takes place. This results in the formation of 
undesirable heavy compounds and carbons. Similarly, the progressive rise 
in acidity is consequent upon favourable conditions existing for the forma­
tion of acidic bodies due to oil oxidation and blow-by of fuel products.
In an endeavour to correlate carbon and acidity values it was soon apparent 
that a third constituent of the system, that of the detergent additive of 
the oil, had to be included in any assessment of the oil*s deterioration.
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The position of the detergent (or more correctly the dispersant additive) 
could he regarded in mathematical terms as the independent variable 
of the system in which carbon and acidity ?/ere dependent variables, either 
taking up any set of arbitary values given by the dispersant. Difficul­
ties in developing an indicator to measure quantitatively the carbon, 
acid and dispersancy values arise through the numerous different additives 
in use but these difficulties were largely overcome by applying group 
identification tests to the detergent oils. The following chemical 
classification of the additives was adopted s
Normal and basic metal salts of mahogany acids, i.e. oil - 
soluble sulphonic acids derived from petroleum.
Normal and basic metal salts of high alkyl-substituted benzene 
sulphonic acids.
Normal and basic metal phenates of alkyl phenols, alkyl phenol 
sulphides, and alkyl phenol aldehyde condensation products.
Metal salts of acidic materials obtained by partially hydrolysing 
the reaction products of polyolefins, such as polybutene and 
phosphorous sulphides.
Scope of the Investigation.
(1) To obtain data relating to carbon contamination, acidity and
dispersancy in a used additive type lubricating oil.
(2) To investigate the possibility of devising a simple field kit
capable of determining the degree of deterioration in a used 
lubricating oil.
Experimental Details
A series of 8 analyses was carried out on used engine oils of
(1)
(2)
(3)
(4)
the S.A.E.30 Grade Mineral Oil Type, all oils containing proprietory 
dispersant additives» Typical results of the tests are given in Table II 
below.
Spot Tests
In the chromatographic methods the material and conditions govern­
ing the tests were as follows s-
Analytical filter paper - Whatman No.l.
Size of Drops used - Formation of the test drop on a rounded 
piece of 0.0625” &ia. aluminium wiresj an estimated 5-10 secs, being 
allowed between the formation of the test drop and the preceeding drop. 
Carbon Content (Reference photographs)
Estimation of carbon present in the oil was considered in relation 
to the density of the spot due to carbonaceous matter. From the results 
of numerous tests an arbitrary Demerit system was employed to measure the 
percentage of carbon in the oil.
The merit rating employed was as follows s- 
(a) Operation,, Visual
View spot and apply the following factors to measurements obtained 
from operation (b).
Table I
Colour of Zone Value
White to Light Grey 0
Light Grey to Medium Grey .25
Medium Grey to Dark Grey .50
Dark Grey to Black .75
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- 0>) Operation, Measurement
A ruler was placed horizontally across the test spot and 
the length of each intercept of the coloured zones of (a) was measured 
in mmsoj the total measured length being 1 cm. each side of the centre of 
the drop.
(c) Calculation of Percentage Carbon (For example see photograph l)
Total length of each intercept in cms. multiplied by its colour 
factor denotes the percentage of carbon present.
The figure of 1*5 percentage was taken as the maximum carbon content which
would be permissible without change of oil.
Dispersancy
The interpretation of this property is comparatively simple in 
the absence of water* poor dispersancy being indicated by a small spot 
with a sharp periphery whilst good dispersancy is indicated by a compara­
tively large spot having a characteristic fuzzy and lacy pattern* as 
illustrated in photograph No.l for the 10 hour to the 80 hr. spots. The
system used as an appraisement of the dispersancy was Excellent* Good*
Medium* Bad. -
Corrosiveness
The technique adopted was to apply a spot of oil* followed 
immediately by a drop of the indicator approximately from the test spot.
As soon as these spots converged within 1/8”* one drop of solution (50$ 
ethyl alcohol* 50$ benzene) was allowed to drop on the spot test. Almost 
immediately the mixture reaches the indicator* giving the characteristic 
colour change of the.indicator.
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The indicators which had the greatest range of application 
were found to he 33.D.H. Indicators (l) 4460, 4-5 and 6676 and also 
0.0025$ of hromccresol "blue in a 50$ aqueous ethyl alcohol solution.
Summary and Conclusions
(1) From the results obtained it is considered possible that a 
simple field kit can be devised, which is capable of being used by un­
skilled personnel 9 to measure the degree of deterioration in a used 
additive type of Lubricating Oil. With instructions issued with the
kit it should be possible for the operator to determine the maximum carbon 
content9 the minimum dispersancy and the highest acidity permissible before 
a complete oil change is necessary.
(2) Carbon Content. From extended photometric experiments it is 
considered possible to devise a simple apparatus giving a more positive 
measure of percentage carbon than that by visual examination. A sketch 
of the type of apparatus which was used is shown in Fig.l, and it is not 
anticipated that any difficulty would be experienced in developing this
apparatus to field kit size. Tovr~
WgSTQKl
Photo  m s  rer. 
£-9* Microscopic 
S U & k
VOLTT
^RTTECI.
ensure that tie drop was of uniform 
thickness a groove of 0.02" depth was 
machined in a microscopic slide, the 
drop was then placed in the groove and 
a microscopic slip was gently placed 
over it.
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(3) Dispersancy
The- suggested assessment of dispersancy is satisfactory 
provided no water is present, but the presence of traces of water 
could lead to false results, e.g., a borderline case could be 
judged as good dispersancy.
(4) Acidity
From extended Paper Chromatographic experiments, it is 
suggested that a simple paper chromatographic descending method type 
of apparatus could be used in the Field Kit, included in which would be 
a series of indicator dropping bottles, and chromatographic paper marked 
so that the indicator drops are placed at such a height that the Ef 
value is 0.8.
References
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ITOSTIGATIOH 5
The Id e n tif ic a tio n  of a Grease used in  a Bearing Failure
Following the elimination of abnormal service conditions, e.g. 
elevated temperatures, high speeds, excessive humidity ingress of dirt, 
etc., as being the cause of the bearing seizure, attention was directed 
to the possible deterioration of the lubricating grease. It was 
decided that a complete analysis of the grease should be undertaken 
and in order to ohtain a sample from the supply source, reference 
was made via the supply History Sheet to that of the Bonded Store Stock 
records. Correlation of this record with the relevant incoming Release 
Rotes revealed delivery from two sources, each supplying grease to the 
same specification requirements. At this stage it was discovered that 
inspectional requirements had not been fully met, the chain of identifica­
tion breaking down through the grease having been issued from the stores 
without a record of the manufacturers identification symbols.
The problem now resolved itself into the analysis of both batches 
of greases and the identification of the used grease with one of these 
batches. Although all the usual standard methods of testing could be 
applied to the batches of grease, this was impossible with the used grease 
as only 1.8 grams, of grease was recovered from the seized bearing at a 
distance sufficiently remote from the vicinity of the failure to be 
certain that the properties of the grease were unaffected by the
-55-
conditions existing in the area of the failureIn view of this small 
quantity ,of used grease available, methods were applied so that several 
tests could he carried out on each sample taken, e.g. determination of 
calorific value and sulphur on same sample, and resource was made to a 
large degree in the application of modern laboratory analytical methods 
for obtaining data in ascertaining tbo identification of the used 
grease.
Scope of the Investigation
(1) To identify the grease used with one of two batches of grease,
both of which were formulated to the same specification.
(2) To deduce whether the deterioration of the grease was responsible
for the failure
Experimental Details
(1) The analysis of Greases Batch A and B.
(2) The comparison of the properties of Greases Batch A and B with
the lubricating grease in use at the time of'the failure.
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TABLE X, ANALYSIS OP BATCHES A M D B  LUBRICATING GREASES \
Ref.No. Procedures Method Used Lubricating 
Grease 
Batch !Af
? it ?
Lubricating; jj 
Grease ? 'j 
Batch ’B1 nj
1 Physical Properties Colour Dark Grey 
Texture Fibrous
F
Colour Pale \ 
Brown*Tex- j
ture Tacky. ‘i
2 Acetone Extraction Soxhlet Extraction 
24 hours
89.8 78.8 I!
3 Alcohol Extraction do. 10ol 20.5 \
4 Toluene Extraction do. m 0.4 !
5 Residue from (4) oa 0.1 ir*.
6 Viscosity of Oil 
Kinematic at 120°F
Micro Determina­
tion
43 44 ,
1
.... .....  1
7 Viscosity Index 1.p.73/42 (1) 120 116 j
8. Consistency Worked 1.p.50/56 346 305
9 Penetration X 105 1.p.50/56 Fail 375 jl
10 Drop Point 1.p.31/55 142 152 1;
n Free Acidity 1.p.37/55 0.7 0.40 j,
12. Free Alkalinity 1.p.37/55 oa 0.40
13 Water Content 1.p.74/55 0.3 0.45 '!
14 Sulphated Ash 1.p.5/42 235 52
15 Chlorine as (Cl) 1.p.118/46 Nil Nil
16 Phosphorus 1.p.148/55 Nil Nil ;
17 Wet Quantitative Analysis Vogel (2)
Na B 0,68 
Ca * 0.07
Na «, 1.44 ',t 
Pb * 0.51 |
18 Spectrographic
Analysis
Hilger Medium 
Quartz
NajCajFe Na9Pb9Fe
19 Corrosion 48 hours at Room 
temp.Copper Strip
Not Black 
or Grey
Negative
20 Saponification of Oil 1.p.136/56 3.5 4*9
21 Acid Value of Oil 1.p.37/55 ! 0.20 iao
22
jJ
Fibre Structure Electron Micro- ( Typical (2) 
scopic X 14 X 10^ ■ Structure of
Typical (3) 
Structure of
; Ha Soap iNa Soap.
TABLE II, RESULTS OF TESTS CARRIED OUT OK BATCHES A M D B
AID THE USED GREASE,
Rof.Ho,
■
Method, of Test9etc. Lubricating 
Grease Batch *Af
Lubricating 
Grease Batch !Bf
; Grease used 
in service
1 Structure Vickers Micro­
scope x 500
Order of dis­
persed phase 
in the oil 
* 2
Order of dis­
persed phase 
in the oil 
£= 8
.Order of die- ■ 
persed phase 
in the oil ! 
* 2 1
2 Infra Red (4) Percentage absorption at 
3480 .cm~^
95$
Percentage 
absorption at
3480^m-l
Percentage < 
absorption at ; 
3480 ,cnT^  '
91$
3 Calorific Value (5) 
Calorimeter
1194 cal/g 1022 cal/g 1172 cal/g
i
4 Drop Point 142 152 155
5 Viscosity of Oil 
Kinematic at 120°p
43 44 30 ,
...... . ....
6 Viscosity Index 1120 116
1
120
1 Structure Electron (6) 
Microscope X 14 x 10^
Typical Fib­
rous structure 
of sodium soap
Typical fib­
rous structure 
of sodium soap
Typical fib­
rous structure 
of sodium soap!
8 Sulphur $ Turbi dine ter 
Method
0,137 0.042 0.142
9 Calorific Value of (4) 
HHO3formed in bomb 
calorimeter
19.5 cals. 10,1 cals. 20.7 cals, !
1
■ j
10
L...
Emission Spectrographic (7) jltfa.Ca.Fe j Ha.Pb.Fe 
Analysis ! j
Ha.Fe !
1
1
1
-58-
Summary and Conclusions
With reference to the results carried out on Batches A and B 
and the Used Grease, the following inferences are drawn from a comparison 
of these results reported in Table I and Table II,
Table II, Ref. No.l
The magnitude of the dispersed phase in Batch B being four times 
that of Batch A is in keeping with the greater percentage of lubricating 
oil in Batch A than in Batch B» (ref,Table I, Ref„Ho,2),
'Table II, Ref. Ho. 2
The large differences in the percentages of absorption at wave 
number 3480 cm”"^ (8)(4) would indicate a significant difference in the 
intensity of the -OH band between the two batches.
Table II, Ref.No,3
The greater calorific value of Batch A with respect to Batch B is 
again in keeping with the large amount of lubricating oil in Batch A,
Table II, Ref.Ho.4
It is considered that the lower drop point of Batch A grease in 
comparison with Batch B grease cannot be positively accounted by acceptance 
of any of the modern hypotheses put forward as to the state of the oil in 
lubricating greases. However if the concept (9) is accepted that one of 
the mechanisms involved in holding the oil in the grease is that the oil 
is held by capillary forces in the interstices of a latticework of small 
soap fibres9 then the greater percentage of oil held in Grease A could 
lead at elevated temperatures to a readier agglomeration of oil particles 
resulting in a lower Drop Point*
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Table II, Refs. No,5^ 6,7
The similarity of these results indicate that both greases were 
formulated from constituents substantially of the same composition.
Table II, Refs.No.8 and 9
The greater sulphur and potential acidity of Batch A Grease is 
in keeping with the results of corrosion tests, ref. Table I, Ref.N0.i9. 
Summary and Conclusion
Of the’ tests recorded in Table II, the microscopical infra-red, 
calorific, sulphur content, and potential nitric acid formation results 
•show that a close relationship existed between Batch A grease and that of the 
grease in use at the time of the failure§ on the other hand there was no 
evidence that the properties of Batch B were similar to the grease in service 
With regard to the remaining tests carried out, results showed that probably 
Batch A and B greases were formulated from very similar primary components.
In conclusion, from the evidence obtained it is obvious that the 
grease in the bearing at the time of the failure was supplied from Batch A.
With regard to the grease being responsible for the failure, the un­
usual feature in the composition of the grease was the high percentage of 
lubricating oil (almost 90$)j an& it is suggested that •bleeding* (leakage 
of the oil from the lubricating grease due to a deficient gel structure) 
could have taken place through too small a percentage of soap which resulted 
in the formation of large lumps of soap and escape of free oil until the 
small amount of oil left in the grease was insufficient to remain in contact 
with -the moving surfaces, with thxL...consequehce of ultimate seizure.
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IFVESTIGATIOIT 6
An Investigation  in to  the p o s s ib ility  of devising a Test 
Method fo r the Determination of the S ta b il ity  and Compatability 
Characteristics of a Residual Fuel O il when subjected to  
Temperature and Blending E ffects
Introduction
In  order to l im it  the scope of th is  investigation certa in  
experimental evidence to date has been accepted and th is * together w ith  
various d e fin itio n s  p a rtic u la r to th is  type of problem* are b r ie f ly  des­
cribed belowo
A residual fu e l o i l  which is  applicable to th is  examination could 
be made up from d is t i l la t io n  residues obtained from atmospheric d is t i l la ­
tio n  plants* asphaltic bitumens from high vacuum units* or residues from 
cracking units* the f in a l products being attained by addition of d is t i l la te s  
to obtain a p a rtic u la r v iscos ity . The meaning of s ta b il i ty  in  th is  test 
is  taken as the resistance of a R0F„F.O. to change ( i . e .  adversion to the- 
formation of new phases) w h ils t the com patability of a R.F.F.O* implies  
that when blended in  a I s l  ra t io  w ith  another R.F.F.O. (made to meet the 
same specifica tion  requirements)* the mixture on heating does not re su lt  
in  the formation of deposits, The actual nature of a R.F.F.O . from 
experimental evidence indicates i t  to be an exceedingly complex system 
which consists of an o i ly  medium in  which is  a dispersed phase consisting  
of m icelles of asphaltenes and maltene frac tio n s . I t  would appear that 
the asphaltenes absorb high molecular weight aromatic components from the 
maltene frac tio n  u n t i l  an equilibrium  condition is  atta ined  and a stable  
m icelle  exists. To date these m icelles have not been separated in  a
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pure state as a l l  e ffo rts  to do so have resu lted in  disturbing the 
adsorption equilibrium* From these premises i t  is  possible to conceive 
a type of chemical mechanism which determines the compatability and 
s ta b il i ty  characteris tics  of the o i l .  Thus? in  a stable fu e l o i l  the 
absorption capacity of a l l  the asphaltenes is  s u ff ic ie n tly  s a tis fie d  to  
ensure complete peptization of the m icelles. Now i f  fo r any reason 
equilibrium  between the m icelle and in term ice lle  phase is  a ltered* i t  
follows from what has been stated above that p rec ip ita tio n  of the asphallanes 
might resu lt* The causes which might bring about th is  change of state are
j
heating and/or blending e ffec ts . In  the case of r is e  of temperature a 
portion of the m icelles pass in to  the in te rm ice lla r phase w ith the resu ltin g  
coagulation and p rec ip ita tio n  of the asphaltenes* With blending the charac­
te r  of the d iluent may be such that although stable in  i t s  own system* upon 
blending the solvent power of one of the fuels  is  such that the in term ice lle  
phase and the absorbed constituents of the m icelles (but not the asphaltenes) 
are soluble* thus s h iftin g  the equilibrium  in  the d irection  of the liq u id  
phase so that a point is  reached when s u ffic ie n t m icelles have been removed 
fo r deposition of the leas t stable asphaltenes to occur* The p rac tica l 
e ffec t of the p re c ip ita tio n  of asphaltenes is  the diminished e ffic ien cy  of ; 
the fu e l o i l  heater system caused by re s tr ic t io n  of the fu e l flow or 
localised  heat transfer w ith  subsequent dangerous ’hot spots’ occurring.
In  th is  discussion the term ’maltene’ is  the content of a 
R.F.F.O* which is  soluble in  n-heptane w h ils t asphaltene is  that frac tio n  
of the fu e l o i l  which is  insoluble in  n-heptane but soluble in  hot benzene. i
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Scope of the Investigation
(1) By the use of various methods to examine the effects of
temperature and blending upon the stability and compatability character­
istics of a Residual Furnace Fuel Oil.
(2) To explore the possibility of establishing a relationship between
temperature and blending effects and stability anc compatability of a 
R.F.F. oil such that a test method could be developed to estimate the 
relative degree of stability and compatability of the fuel.
Experimental Details
(1) Type of Instruments used
(i) Vickers Projection Microscope.
(ii) Grubb-Parsons Infra-red Spectroscope.
(iii)Hilger Raman Spectrometer.
(2) Residual Furnace Fuels used
t (i) ’Oil A’ - a reference fuel representative of the
most paraffinic type of residual fuel oil being 
produced for use.
(ii) ’Oil B’ - a reference fuel oil representative of the 
most asphaltic type of R.F.F. 0. being produced for 
use.
(iii)'Oil C’ - an unknovm R.F.F.0. of general type such as 
is representative of that supplied by the Trade.
(3) Test Procedures
A series of tests were carried out on average samples of 'A!*
’B* and ’C1 and upon mixtures of A-B and A-C,
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Table of Tests relating $ Asphaltenes to Times of Heating the F.R.F.O.
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Summary and Conclusion
From the data obtained by microscopical particle count and infra-red 
methods? it would appear that in the case of s
(1) Blending Effects
No simple relationship is discernible between the asphaltic values 
obtained on blended and unblended samples of R.F.F. Oils.
(2) Temperature Effects
From the microscopical'Line Intercept1 methods it would appear that the 
temperature variable influences the asphaltene value in that a relationship 
between asphaltene formation and temperature is of a parabolic type - 
the asphaltic value rising from normal storage temperatures to a variable 
maximum temperature and thereafter decreasing to a zero value., Confirmation 
of this temperature - Asphaltene Relationship is however not verified from the 
infra-red data3 random results occurring in the case of reference and 
blending fuels.
Conclusion
From the evidence obtained in the investigation it has not been possible 
to establish a relationship between the stability and compatability of a 
Residual Fuel Oil when subjected either to blending or temperature effects9 
and it would appear from the I.R. data obtained from time and temperature 
variations that complicated reaction velocities is an important disturbing 
factor in determining the equilibrium conditions of the system.
5
*0
0
0
C
-n
T*
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Figol* Illustrating the use of Infra-Red Spectrophotometry
in Qualitative Organic Analysis.
Absorption Peak 3610 - indicating presence of aromatic compound. 
Absorption Peak 1610 - indicating presence of aromatic compound «
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Fig. 2 Untreated Fuel Oil
Fig. 3 Heated Fuel Oil. 2 hours at 100°0<
* * %
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%  ,
V
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Fig, 4 Heated Fuel Oil. 6 hours at 100°C.
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Fig, 5 Heated Fuel Oil. 12 hours at 100°C.
pre* , .  arcs*; ¥ . v  ^  .. i *  % 
L*-j£Ri5  ■*■?'•■-u *>*. ••; '•
Fig, 6 Heated Fuel Oil. 18 hours at 100°C<
Fig. 7 Heated Fuel Oil. 24 hours at 100°C.
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INVESTIGATIQN 7 '
The Examination of a Friction Proof Type of Additive Compound used 
in Lubricating Oils with particular regard to its Corrosive Properties.
INTRODUCTION
Although intensive research on the mechanics of wear and its pre­
vention has failed to produce an acceptable theory for this phenomenon, it 
has been scientifically established that metals in motion wear frictionally 
by contact at the top of their asperities* and it is upon this premise 
that explanations have been given for the successful use of anti-friction 
additives to lubricating oils. Thus* the standard use of tricresyl 
phosphates-as an additive to lubricating oils in order to reduce the wear 
on bearing or moving surfaces has been explained by Beeck (l) on the 
hypothesis that the phosphates preferentially attacks the asperities so 
that the surface becomes relatively smoother and the load better distributed 
whereby the temperature drops and the potential corrosive process which 
only takes place above a critical temperature practically ceases. A devel­
opment of this type of anti-wear additive has been the production of organo- 
metallic compounds known as friction proof additives. The function of 
these additives is claimed to be two-fold in that besides smoothing out the 
surfaces of metals* by the formation of alloying surfaces of Beilby (2)
Layer dimensions* surfaces of bearing and moving parts are sealed against 
corrosion and the cementation of deposits. The particular additive 
examined was claimed by its manufacturers to be such an anti-wear anti­
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corrosion type of additive effective in the presence of all the usual 
metallic components present in a machinery lubricating system.
Scope of the Examination
The work undertaken has been directed to examining the potential 
corrosion effects of a friction proofing additive upon metallic components 
which could be present in a lubricated mechanical•system such as an Oil 
or Turbo-Jet engine.
Experimental Details
(1) Determination of the Main Constituents of the Friction Additive 
Compound.
(2) Determination of the deterioration through oxidation of s
(a) Base oil.
(b) Base oil with 19 2 and 5$ of the additive compound.
(3) Effect of different concentrations of additive on the copper 
control test piece in order to determine the ’Reaction Limiti.e. the 
minimum concentration of the additive below which no appreciable attack 
takes place on the reference .control test piece.
(4) Assessment of corrosive effects of the friction proof additive 
on the spectrographically pure Cu (control test piece) in contact 
with bearing metals when submerged in additive mixtures and subjected 
to various temperature oxidation and time conditions.
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TABLE I, ANALYSIS OF THE FRICTION ADDITIVE COMPOUND
J- Determination of Method Result
Chlorine I.P. 118/48 (3) 6,6$
Lead Vogel as PhS04 (4) 6. 2$
<Sulphur
,mi ",n"11 " .. . . . . .
Carrius Tube followed by 
'Turbiometric Method.
0.02$
Phosphorus 1.P.148/55
Photometric Molydivanadate
Trace
Sodium Emission Spectroscopic Trace
Calcium and 
Barium
Flame Photometric Trace
- Water
i
1. p .74/55
Dean and Stark
0„2
i
Aromatic Content 1
!
1. p .3/42
i
Nil
>
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TABLE 2. EXAMINATION OF BASE OIL AND ADDITIVE MIXTURE BEFORE 
AMD.AFTER OXIDISATION OF THE SAMPLE AT 15Q°C FOR 30 
HOURS WITH AIR FLO?/ RATE OF 15 LITRES PER HOUR.
i
I Test Procedure for 
1 ................
i
Method Base Stock
>'■" . ...............—
Base Stock 
+ 5$ Additive
\ Ash Content 1.P.4/53 0.41^ 0.37
| Carbon Residue 
(Rarasbottom) 
before oxidation
l.P.13/42 0.66$ 0.15#
Carbon Residue 
(Ramsbottom) 
after oxidation
1. P. 13/42
C\J
C
O0 0.14# !
Acidity before 
oxidation
1.P.l/55 0.02 1.57
Acidity after 
oxidation
l.P.l/55 0.11 2.40
Asphaltene value 
before oxidation
i.P.143/55 Hil M l
| Asphaltene value 
after oxidation
1.P.143/55 0.0001 0.0013
Viscosity at 100°F 
before oxidation
1.P.71/55 65.I centistokes 60.2 centistokes
Viscosity at 100°F 
after oxidation
1.p.71/55 ! 67.8 centistokes 70.9 centistokes
Pour Point 
before oxidation
l .P-15/75
I
i
0°E 0°F
Pour Point
after oxidation j
l.P.15/55 i 5°F
!*
\
5°F
\
TABLE 3. CORROSIVE EFFECTS OF ADDITIVE ON COPPER CONTROL TEST PIECE
f Tim©
| ir Hours
Temp,
°0.
Percentage of additive added to Base Stock Lubricating Oil
0 i j 2 5 10
°J> Cu in oil i Cu in oil J io Cu in oil % Cu in oil io Cu in oi]
1000 20 Nil Nil j Nil Nil Trace
1000 60 Nil Nil ' j Nil : Nil 0,0002
1000 120
---
Nil
----  —  j
Nil 1 Nil
„ „ 1 , 
| Trace 0.001
TABLE 4. ASSESSMENT OF CORROSION ON BEARING METALS IB CONTACT
WITH THE CONTROL TEST PIECES OP SPECTROGRAPHIC PURE j 
COPPER WHEN SUBJECTED TO TEMPERATURE OF 160°F IN THE i 
PRESENCE OF OXYGEN AT 40 ATMOSP, PRESSURE FOR 500 HOURS
Test Pieces % Cu in oil 
Method Dithizone
Classification 
(5) of Attack
Qualitative (Hilger j 
Medium Spectroscope) ;
Cu/lron 0.000001 Cracking Pb?Cu
Cu/Stainless Steel Nil Nil Pb
Cu/l.2 Carbon 
Steel
0.000001 Semi-local Pb?Cu
Cu/70s30 Brass 0.0000015 General Corrosion Pb,Zn?Cu
Cu/Ag 0.000009 Cracking PbsCu?Ag
Cu/Al 0.000006 Pitting
i . .
Pb,Cu9Al
Cu/White Metal 0.000001 ! General
Corrosion
i ,
Pb.SbaCu
L  ....
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An assessment of the corrosive characteristics of the friction 
proof additive derived from the corrosion* time* concentration data 
indicate that the introduction of the additive up to 5% to a base stock 
lubricating oil has*up to a temperature of l60°F* no adverse corrosive 
effect on any metal present in a lubricating system such as that in which 
the friction additive would replace the use of an extreme pressure additive 
which was not stable and/or soluble in lubricants within the operating 
temperature.
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Needle ra/ye.
\Drauqht
Shield.
Fig. 2 0 Oil Oxidation Apparatus
Fig. 1. Line Diagram of Oil Oxidation Apparatus
Vah/e.
Felt.
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T a b l b  4. E L E C T R O M O T IV E  F O R C E  S E R IE S *
Standard Electrode 
Electrode Reaction Potential, E n ( ooltu) ,  25° C
K  =  K + +  e~ — 2 .9 2 2
C a = C a ++ +  2e - 2 . 8 7
N a  =  N a + +  e~  - 2 . 7 1 2
M g  =  M g ++  -j- 2e - 2 . 3 4
Be =  Be++ +  2e - 1 . 7 0
A1 =  A1+++ +  3<T_ - 1 . 6 7
M n  =  M n -14 +  2e — 1 .0 5
Zn — Zn++ +  2e~ — 0 .7 6 2
C r =  C r+++' +  3e~ — 0 .7 1
G a  =  G a +++ +  3e — 0 .5 2
Fe =  Fe++ +  2e~“ — 0 .4 4 0
C d ®  C d * *  +  2e“  — 0 .4 0 2
In  =  In +++ -j- 3g~ - 0 . 3 4 0
T l = T i +  +  <T - 0 . 3 3 6
Co — Co++ -J- 2e~ - 0 . l t 7 7
N i  =  N i++ +  2e~ — 0 .2 5 0
Sn =  Sn++ +  2e — o 136
P b  =  P b + + +  2<T — o! 126
0.000
0 .3 4 5
0 .5 2 2
I I 2 =  2 I I+  +  2e 
C u =  C u++ +  2e
Cu =  C u+ +  e~
2 IIg  =  I I g 2++ j -  2e~~ o ’ 799
A g  =  A g+ - j - e  Q goo
Pd = im-h- + 2c- 0;83
Pig — I I g ++ -f* 2e 0 .8 5 4
P t  =  P t++  -j- 2 
A u =  A u +++ 4  
A u =  A u -1" 4 - e
p t  =  P f H - +  2 « - ca 1 .2
. l   + + +  3<j_  j  42
1 .0 8
Fig. 3° Table of Electromotive Force Series
Fig, 8
Showing type of attack due to 
Op environment at Temp.l60°F.
X 500
Pig. 9
Typical Cu specimen 
used in experiments, 
X 3
Pig, 4 Pig-. 5
Illustrating type of finish Result of Attack of 51° additive
on Unused Sample, solution after 200 hours.
X 3 X 3
Illustrating Intensive Attack 
on Pe Specimen when subjected 
to oxygen environment at 
40 atmosphereic pressure at 
l60°P.
X 3
Illustrating Attack on Cu Specimen 
when subjected to same attack as 
Specimen in Pig.6.
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LM PM
PM
N MW 3C M '’ I—  S2 W 2
PM
EM
W 1
Fig 1 Key to Diagram of Grubb-Parsons Infra-red Spectrophotometer
"S Energy source - "Globar"
W Rock cell window
Bff Plane Mirror
NM Spherical Mirror 
' W2 & W3 Rock Cell Windows
51 Entrance Slit
52 Exit Slit
CM Collimating Mirror
P Prism
DM Littrow Mirror
M  Mirror which condenses radiation on to To
T Receiver Bolometer
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Pig. 2 Grubb-Parsons Infra-red Spectrophotometer
(incident radiation frequency 16.66 cycles per sec.)
Fig„ 3. Photograph of Hilger Medium Quartz Spectrograph
F i g . 1. O p tic a l system  o f  m e d iu m  spectrograph .
A, arc or spark stand. B, condensing lens. C, bar for accessories. Z>, slit. E, collimator lens. 
_________________F. quartz prism. G. camera lens. H, photographic plate.________________
Fig, 4. Line Diagram of Medium Quartz Spectrograph
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Fig. 5. Hilger Medium Quartz Mounted with 
Rotating Electrode Unit.
The M etrovick Type EM3 electron microscope w ith  
D.C. cubicle in background
Fig. 6.
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Flg. 7 Section of Type EM3 electron microscope
Key to  numben on main stack—
100 Flectron Gun 
200 Condrnser Lens 
300 SpM.imen Stage 
'ICO Ou|i-':tlve Lens
500 Intermediate Alignment Section 
600 Prolactor Lenses
700 Viewing Chamber
800 Camera
Fig.7. Line Diagram of Electron Microscope
. . - i
I
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VICKERS PROJECTION MICROSCOPEVICKERS PROJECTION MICROSCOPE
38
Fig. 80 Line Diagram of Vickers Projection Microscope
Key to Numbers
1. Specimen
2. Stage
24. Projection Eyepiece
29. Mirror
30. Projection Screen
38. Illuminating Centring Controls
41. Mirror for transmitted light
48* Universal Illuminator Unit
49. Rhomboidal prism Universal Illuminator Unit
52. Iris Diaphram
78. Eyepiece with cross wires
113. Lamp iris.
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Fig0 9# Photograph of Vickers Projection Microscope
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\
Fig,10, Chromatographic Column with Shandon Fraction Collector•
As used in extraction of Porphordns Investigation 2,
On bench is shown glass column units and method of assembly - 
sectionalizing of columns enables sampling to be performed 
at various lengths without disturbing the entire column.
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I.V.PHOTOCEllI ITO AMPliFIERl 
3  I m .P H O T O C C U l
ICOHDEHSIHG MIPPObI  IWARTZ LENSl 
I LIGHT SOURCE! [TEST
IQUART2 PRISM] iQUARTTDiSCl | FI LT R SLIDE) pR K  CURPEffT SLIpEl
I6ILA7ERAL GURVEO SUTSl [PLANEIibRBR] | « I Q iD S ? f )  LPHOTOCELLSLlOE |
3341 54601
5  5 0  ub-
5  4 0
2370 2375 2360 2385
2378? SLIT WIDTH O 02M M S
3335 3340 3345 
3341 %  SLIT WIDTH 0-01  MMS
5450 5470 5490  
5 4 6 0 lX  SLIT WIDTH O  O IM M S
SPECTRAL ISOLATION AT VARIOUS SLIT W'DTHS AND WAVELENGTHS.
Fig.11, Line Diagram and typical curves of the 
Unicam S.P.^OO Spectrophotometer.
Pig. 12. Unican S.P.500
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Fig, 13o Automatic Electrometric Titration Apparatus,
HT— H T+
Basic circuit o f Cambridge pH  meter. Slieve wttti SroundGleet Confect Joint— ^  U, )
------------Propeller Sllrrer.O
-------------------------- (In back of Burot Tto)
Fio. 1.—Cell for Potcntiometric Titration.
■Bofceilte Support
i t  Electrode.C 
(Internally shielded)
Elongated Buret Tip 
(In front of Stirrer)
Reference Electrode, B A
Fig.14, Diagram consists of valve voltmeter Wheatstone 
Bridge* glass electrodes.
Fig.15c Diagram of EEL Flame Photometer
».y to Numbers 
Atomiser.
Sample, in "beaker.
Inlet tube for air to atomise the sample. 
Spray Chamber.
Gas inlet tube.
Chimney through which flame passes.
Reflector for light from flame. .
Optical filters.
Eel Barrier Layer Photo-cell.
Calibrated Potentiometer.
Tinsley Galvanometer Unit.
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Fig. 16. Photograph of the EEL Flame Photometer.
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Eef=1, Accepted for publication in Journal of Laboratory Practice.
Pigo 17
Modified Soxhlet Apparatus 
The introduction of an exit 
arm at the bottom enables 
successive extractions by 
various solvents? and also 
the recovery of Solute by 
distillation without 
disassembling the apparatus.
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Big.)..8* Apparatus used for Perchloric Attack in Investigation 2« 
The introduction of a glass-stoppered dripping funnel 
enables carefully controlled amounts of HC'10^  to be added 
to the oil mixture whereby lessening explosion hazards.
